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WP E R EEOTRERR AR NREABREM ST 29R i, TF, b5t
RREAZER—FZRR R 20~30 FEHARLDTH, HEEX—NEBR, TIFERAN
EAD, AREREANWEENB USRS T RUBERERE, MaRERBRELET,
Macroolithus yaotunensis /S FH EHRN BRI, BE YK 75%,

PAERAREESNEBNFTURBREENE SRNERRRSTERRE. *—
SRR EROBETREVRBERALRAR, ERBAR, Pb, Cu, Mo 9 TR ELE T
XN R B R KR, 60 BHUBERT. EX—EM LRH, METRE PHISEE
ROBHLPRT EREREWOER, 3BT RENE K. E—BRIBRYZLH T 20~30
T

B AR L RRNIRITEHY, AIREIIEREBLRPREENKRERES,F
HMEEW K4 T o X EE ST FHRE RS ARBRRBEH—A R 10 £33k,
MHEERAAREE (Alvarez %, 1980; Hsi, 1980), ZEEPR LR TRIZERMA A K
HIREE, N5 1R T — 5 BRI Fib. AL BN HEA1E, WRIFHRITISX — RS
OF, X ER I L TEH N X (Archibald, 1982,1987; Archibald %5,1982; Russell,
1982; Sloan %,1986; Smit %,1987; van Valen %, 1977), T3k EeHIX , M
WX (Erben %5,1979; Erben, 1983), B E MM E (Marshall %£,1983) B
MR E (R ZE, 1978)ENE B NRDBRARRE S,
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1983 £ELI3K, By ERIBIEE AU AW TR ERAHRNE RN CEER
BRRLZMEREIH) REBARTHRE AEMBEABOZR—B=ALEN T ED
A, MESZRIAH ML, B ER— B = AT HERUBRAOEL, B IR
AR BEEREEFSOHBE TR BRREACROTRELRE TEENL R,
HRIEHER—FEZARL R YN R4 R B0, F IR Y ARG ERERR R
#RPERE T H R EHRANRETRRRRRRZAT, AXHEREX IR
B Ho

—, HEZMBPHRERIEAER —F =R FENIE

P IAL T T AR I E M B RIE L BB, [ R IE M B AHEE BT, H—
B FE RN KE M.

M AL E RN B R 4 X LR B9 9, RO TE 1960 FERUG, AR TRAWHERE,
HEE—REREGT, KMXEZH T EHBAEEMEFHRmARMEEEERE E
KAz, 1963; M B, 1965 MR IR 45,1973, 88k 4: 55,1976 JAH A%, 1977; F 4k H,1978),
DN T i 15 B R RO T iR K/ T FRRROER R Mo TR B E{Ere 23 TR,

A ARG
Fig. 1 Sketch Geologic Map of Nanxiong Basin Showing Lithostratigraphy >(Dx: Danxia
Group; TIf: Early Tertiary Luotuzhai Group; Knx: Late Cretaceous Nanxiong Group)
and Stratigraphic Section (1. CGP; 2. CGT, CGF-1 and CGF-II; 3, CGN; 4. CGQ,
CGH, CGL and CGW; 5. CGY, CGY+, CGD and CGD‘; 6. CGH')
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X RS FREMEMRER T AR TEEBE TRAREE,

RIVE TN BAEESE LB SR AR, B 114°01E, KE
114°33'E, EHUL 700 SE /A H, 76 1983, 1984 F1 1986 EHI= R EFFA TAeh , 56 /5 351
ST 14 FHEHEE Do MIk—AEREAES —%, HBOEARERET S %
SABEVAAN

B A ek B BN, AR T ML B R 5 U S AR TR — A 52
B, MFEREGTRAZAAR —EANEENETaRBEAR, NEER. Ll
HGRARERHLAAR - ERERA, HEANRBORBE R, B HER, &
ARG S AN — RS MR T ISR, SHAR. PHEREATNEEX
Fo
HTEEREBAOER—EZRANUREFH AN E BT D wE R 205, B,
AL THRHEN LS, BLEBOAES BB A CGY—CGD #[E
DR AHFEREE ML SEE XREN COP ME(ERBEA LB)RERE MR
o LA A 342 AN, EREUE L 1009 Ao XHERER A SR E 2 —(Z 4 ) 4> BITERE
S48 R kS5 M TR % A PR E R AR B o BRI S T BRI SR e SR b AT 404, S5 R
BH,7E CGY—CGD Wi b % [ REALRE B o 638 T3, (0 T4 DLIE e AL RS 6 2, /]
DS A1RI5 P EmE . SN T2 LERAT CGY109—172 X4t (EHE
H EE), CGD 0—33 40 (FEId4H ), CGD 236—259 H4b( E#I4H) A1 CGD 390—415
KA EHIA 1) A EREMN CGP HEWHRERS AR M. BEHEZRE
HER A AX N T A CGY M AME, MATEMAA RN E. MELILET
B FLH RE B RS TR R X M B B — Rk IR X RS HERER
FBEHI IR 2T 50 BT T 25 R R R M ISR IR E % 67.04 +£2.31Ma R 67.37 £1.49
Mao X BE, FE &5 & B HEED 10 76 40 A IO R A e 22 BB R R IUE KRR G2 Rl b » b
® CGY—CGD T i FFI LA E mt g pAE 4 T 3IN—28N (& 2), K,
CGD 33—236 KR MM R4 29R, BRAISEEXHRLBHEHAZE—E =24
W 8 KRS (Butler %,1985)Pl R ARG RBHE EA—E =A% E T
G Rtk (Alvarez %8,1977)%F o '

HAfEGRANNEERA—E S RRBERER 6,500 T4, EREnEEREH
RERLF 29 TE AR (29N) 22 T/ 29 fa it (29R) i L, ZER 4 CGD |
EH, 29R FEAAM T CGD33 K4k, AR T CGD236 K 4b, Wb Rid, B aE T i
WA E IR, IR IEE CGD I 29R Al ML E R A w R AR,
B4, FIF 29R 1 L F it REBER EZE 5> KB 6,500 TFEERAIS A B N A T i
WA I AT RR S b 20 K dbo (B, M EWIE TSR AL BRI AT RE, M
USERUBEINER—FZARRDREE. LHEAEREA LEETHRIERE
Mo TiH, T AR — BB A KRR, AR YA B Z L R R
ERFEDEHL, TRERLE, EUEE, TERBIRE 6,500 TEMAERRARE, K

D BRE—WERIR, TEEERET FERTE— KRR EHAEE— RESRIRRHRRX
B B IR, 19794
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Fig. 2 Diagram Showing Stratigraphic Occurrence of the Eggshell or Different
Types at Nanxiong Basin

M, ££ 29R ML ISR —APBNREN, BREET 6,500 FEAREENS
EAR—EZAXFRELRESEN,. '

IS S LA RIBRRALT CGD 161 k&b, BARMT 29R Ml L, %
REERFBPEZ T, TEMHEAENAR. BRXERKINTHIE: (DFRL>
TS BDENERLE, RE2 LHRDEERL A, BiaThE, 2) AR FTHnpaEsd
S NOERER, RERZ ENE& KN RE R, ERRAHN, RITR SR, G)RE
THHBEBRMBRNE, REZ ERHER MR EZIS B BERBRANE (L5
BB AERNEE, XARRRERHN, HER W, JLEEL R IBEFTE REWN
22 5 A WEl. LI, ERALT 29R ik LB IER SR, RENE GHE
FRigo B, RITEEEEIAER—B=AR L

., Atk A b 0 BB EE

M 1962 SRR, 7o/ A i A b R, R T — R BB A, &
FERATRENEN A BARTEGE, —#F 24 MEE, I 305 KLERZEENKA
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ERRIE 2 TR E . B, RITBEEFZEIE 1983, 1984 K 1986 £ =R EFIH
TR, XBERETH 2 TRANBES, FLEREZHHRIT WA MBI

BEAMAEESGEREEERERE . REX., R LERABMNENDTEDBR
MXEBENARBESHRE, SIEESEEBEHET B A LB B/~ 5F
WP, HPRUSFBHNBENAEMEREE EEAFE,

RBERITONE, XHBLABRIOBETARRERNI, HANTLIRSERE
Bo ATHELRLEEAEENNESEHMRERLAZAINXR, Kl B THRESHE
RREE#RALANESN, BERHE—FMELGRE—MDAENE, WBE—MREFNRE
o #RIM, M I AL AR, AR D ENRIS AR E LS L H T, RERE
ZE (1975,1979) HRHAIBEES HKALEFEN, /TR XERLARIDN 6 NE, 121
Mo HARAREWT:

Elongatoolithidae

Macroolithus yaotunensis; Macroolithus rugustus,
Macroolithus sp. nov.; Elongatoolithus andrewsi;
Elongatoolithus elongatus; Elongatoolithus sp. nov.;
Nanshiungoolithus chuetienensis

Spheroolithidae

Ovaloolithus cf. chinkangkouensis; Ovaloolithus sp. nov.;
Ovaloolithus cf. leminadermus

Beoh, BE AMEBE LA HRER, HTEXHRRENZRENE —BRNE, 5 TET

A RIS AT 5T i B RS, RN XA BN B E CHEERR T,

Spheroolithidae Zhao 1979
Shixingoolithus gen. nov.

Shixingoolithus erbeni sp. nov.

ERFEE AMHELE—E (No. 901),

WMRBRAL TR MG B R IR A,

BRSHBRE ETERRE, REXN 125—105 BX; G824 123—99 2k, BEER
A23-26 %K, HEBEREELHEETEEMN /4 HREMFROMENER mEs
HNEE.

LRIES BHRIEHAY Spheroolithus, Paraspheroolithus F1 Ovaloolithus HHE
AR, RAK —FBH i ——Shixingoolithus erbeni. T4 erbeni #t%4 H.K. Erben #%
B, RYMIEHE i — R E & & R AR AT B th BRI T ko

Fam. indet.
Stromatoolithus gen. nov.

Stromatoolithus pinglingensis sp. nov.

ERGF BER 224+ (CGD 063),



; | EREEEEE. » %

WREBR )RR RIS B RIS Ao

BEMHSE BEIFEEARRBAZNERI . HEARBREKMRNER
EARGHRA, —BBMEL 2—3 MEERE —&, HhENERTFEEBERIS, S
FLEREEo

PR 12 HRERIMGERETOIHALTE L. TE B, Shixingoolithus erbeni,
Stromaroolithus pinglingensis F1 Ovaloolithus cf. laminadermus R &I TS 4,
HANFMREL THERHE S o MERRMEE, MRIASBE - GASRAE
B, HN RS8R e (SR AR Do

R, ERWBEERUEREFIANSE —MMEREENIRE, ERBHD KLY
HOMRBNBEE, 3 T IRBH T, RRBEWABEMSHE, HiTF 1288,
BROMREE, B, HTHRARN LI, REBEM MR ARE AR THE&H, 16—
MR RSB E, Macroolithus yaotunensis —BBAEARA—FE=RAXTF A8, RIE
RMREE M B AR, B E T RAE 29R At TR R EArrh s m9 (& 2),
KRLE, EEEREE S LK PNBRERERERA—F AR R 20—30 54
FRLRN RERRELR . B —RREBEL, '

=, BEERNRES AT

TR AR RN SR BRER T, HPERNES RENERE R REE AR
fEo BN RRAENITE:

LEREERRE

fEr AR 12 MRBRBED, ROBRHIN, BAEHEBNESEE—
BHBRHERANEREE. CRAATRANESR, —BRBPEEE—L, EREET
IN—SE RIS TR R N E ST, HEREENMEN BB R—E, Rif1, XERMWE
FMNTR L ESHH, WEBRE, WIUEAGEIT RN L RE Macroolithus yaotunensis,
Macroolithus rugustus, Elongatroolithus andrewsi K1 Elongatoolithus elongatus 2§ Y
ANREE, BRINMNUE TR BA CGH #EmMPILHK CGY—CGD, CGY*t, CGL—CGW,
CGN #1 CGT—CGF-1 %5 o M HHh BEREFNX AN LB EFRFE 1L 15435
B 3 RERIEAE CGD HE &N B X AR EAEHEENE g, TUE
H, # R EANFEHEREEREE LR, B HIRE CGD40—100 XEEN, BREEX
HHAEE RN, PS4 L EEIE, I CGY'. CGL—CGW, CGN [l K CGT—CGF-I
ERIOXIEEBERPEEHEEHENERAR,

2 ERRBEERANE
RIEBM R R AMBERENNE, HREHLANERREHRFIEEZRIAW

¥
() #ERBETERBEEELARE, EERNERLT, SRRABEFNHEEKETE
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REEREH 80 ppg (%40)
1.0 1.2 1.4 16 (mm) -6 -4 -2 0 +2 +2 +6 48 *i0 +12
o, 12 .
I
1

[
h_E
EfE:

T

a

R . I S S S S Y U S S S
0.8 11 13 15 17(mm) -6 -4 -2 +2 +4 +6 +8 410 +12

3 PEEAHITIME COGD HAARAHEREETREE 18 47
Fig. 3 Diagram Showing Variations in the Thickness of the Four Types of the Dinosaur
Eggshell and the Oxygen-18 Record at CGD Section. O = Elongasoolithus elongaius; @ =

Elongatoolithus andrewsi;, g = Macroolithus rugustus; () = Macroolithus yaotunensis

RENEEEA —T B, Bl Macroolithus yaotunensis WK EFHREERE Z
B4 1:3, HBRESHEINER T, XWEZNEREZH, K40 1:1, R4 115, XFHE
EELBNRFE AR AR ERREREES, HTIHNAERINVEDENNERERERTN
2R,

(2) WEHAK L ZEH# K, XhREEHNFTEELHERERNERZEZNE, B
RXE—-BERRZEU P BEBREKR, TATRERIT Macroolithus yaotunensis, Macroo-
Iithus rugusius F Macroolithus sp. =R Fh,

(3) EEARHMNERETE B, XFMRE s —IL7E Elongatoolithus andrewsi,
Elongatoolithus elongarus K1 Macroolithus A3, ISR ESEZELUR F
EIVREARR R,

(4) BERBETE RO ARHNHS S BAR K. XMEREEZNT Elongarooli-
$hus andrewsi th,

RERSEWNREBR AT H PSS N, RIBREILEFRN%, M CGD
BRIV Macroolithus yaotunensis %%&E, CGD 40 R UTLWNNESE, BEREEN
BYBERLZ05 20% 5 £ CGD 40—110 X BN BB S, BRE ML L 75%; 7 CGD
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110 e b ERy B REE, B REEWHNE 35%. X—#R5 FRBREERN HIAK
B4 BAR—Fo

AT 2R 8 AT ST R MV S A T B AN T P e IR ARG
ER R TR AR, BTEEREANES. RIEY SERBRALERT
2, EEAELIED, ENERREEENER. MLEARES, XHMEERE—
FMEEERARWETREOBEERE, HEMNARNERERBL GBRILZE KD
D)RBIBRE BRI TIIMSH  BRE BRI A I ST R BN ES
h BRAE R Mo AIERIER, —S8E TR Ma, Zn, St SEWARERT L, HESE
L2 FORIRR B S5 E0TE B0 B0, AT T B 55 46 B0 8B5%  (Meuller and Leach,1974),
A FE = IR B ], 2 R AR R AR (Sr) A B W B 30%, ERMATHRIRR
WHWES, Hik, UPERRING, LRNKSERNREES, bTEHEMETEN
ERE%, X—BETUNTROBEESMETRONINGERBIIEL, '

b, BREMETERE BREMLERE

BA14587 T CGY—CGD HEAEIK Macroolithus yaotunensis 30 NEERE L B9
HMETEAR, A4 RNE CGD HEMETHRMETREEETLIL, "TTUE
M, ZEFFE WA TR E TR D, R (Sr) R KEEHIE CGD 40 XRETH#EH
Hh, Hodx 8 FhonEZEA LEFE CGD40—100 X EENARBEE AR AKNEEL o
BLRH2ZAERER TREETHETRENEE?

MEEGERKE, EEENER T, — MRS ERYSE 20 RFHETE, &
B 7 ZE, HhERERAE 01275, (Romanoff and Romanoff, 1949), &iT,
Ferguson (1982) MR4&EFEMBmAHE (Alligator mississippiensis) HIEFE M EHFRMERN
Cu, Mn, Zn XM T E, RELRUNE, SEFEMEBLENS O EEBRRTEEIY
R T YR Pl AER A KFIER Mo, BRTHIN, Mo BUEERE
FCERG N AR IR B R A R BRI R, BB A NS R (S0) AR, EEHIRE
HPepyBEES™T (Romanoff and Romanoff, 1949), Eih, "IN, ERBEERFR
e ETERARRBRT &Y TEATIREEN, REXHRIBIFHXERESRH
Mo XM E—S R, REESFDHETENTE TS MM ERRE Xo ,

BEBEWE . BIRE R RN RAE T B E 55 5 R 57 By sk e =k
MEEEERKEH RO ZTRFRNLRER S BIETR. hI7a T EEA CGH #
A4 CGY—CGD, CGL—CGW, CGN }; CGT—CGF EME RPN ERIL167
ANRER B M T 96 MhES . AN, BATXM CGY—CGD HE&EArH REN Mo-
croolithus yaotunensis v, FENLAHER 22 NBESL, BIARSUEE Z—(BIRE) o8 EMRAUE
K thEICGET 0. BRANTBHRERNERLBRHEE, BBk, BI17ER
B i TR bRk ad R 8.

BT 4 s 3, ME B A CGHE R BT S, 6VC ERBEEA —7.79%
ZE —11.05%0; 6®0 4+8.57%0 % —2.79%0, MIEIEH CGD HERMESFEM, 6°C I
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10 I B = 29 %

25 S B 2 —9.20%0 28 —11.94%03 50 +11.43%0 % —6.14%0, FAEXHA HHE L,
5UC H R AF (h /N, T 6°0 ByEE LB, & CGD HHARERFE N AR

REBOHL RN, X EEFERNR A SR ABNRET RO, LA S
B, B—HH, MERBSHE. BRLESARGSFERETER, S5k
SHREERNEEERARENT RAFRENE . BEMCRARKTEY #H: °C=
—4.3%0, 890 = —10.2% (Keith and Weber, 1964), 2 BIA6% 2 ko Kk, ATBLIAY >
BN X ERF A KA RER &1 A A fo _

BERE ST OB (C) FE (O) kA N &Y KRR =S, K
BC/1C 7 *0/%0 & K B A2 L FT LA BARR A UK IRo  Folinsbee % (1970) DIJ
Hoefs 1 Wedpohl (I, Erben %, 1979)#BIESE TAMA RN EMNBREBEE T EFEA
KX AL ERR. RMBTHM LAKRESZE, 3 WSR2 B —E /R, /i,
MAPHERLRERAEZSENEE, A2 YRR SR . SEENESMEE
SRS R ROBEH, F i RZEE AT R K E AL R RS 8 KB E,
R, BRAMGEIT X BT RIS TRARE S BENENEWE, BN EESE —c B
Ho

M ERFIRKR R M B R ERARMRARAOBETLIE L, b4 CGD Hm
RREsREEE @4 CGH #EMNELEHREREANEREE, LHEBEENRELE CGD
A, ERVEARERERNAZHRE (B 3), Bl CGD60—80 X 4 MEFRE
S, 880 2ENG +0.27%05 +4.22%0, +6.37%0 K1 +11.43%0; CGD100—110 3y 2 NRE
s 6°0 K24 +0.87%0 F1 +4.10%0, HIALKPSEAEATREETDBENT L. TR
EWEE LA FEAFELHSE 30°C UL, BRAREER TRORSEHX, HEXITSHN
880 = +7.1%, §®C = —8.3% (I{l Erben %:,1979), HTHEXEEEIRD, X T i
AWHBLEKRKARKBRNSEBHOEHERTRFGTROEREE . B2, NB—F
EX%E, CGD H|EHHES 60 WRAMMNBERZE— I 2ENEH, MEECRE
BH, BEE AR DB R KRR RLR. AU FEERLING, LRANEREAR
AL ROFE RN, FTRE R YA M Y BT RSB

fi. BB RGRERA

WRYE LIRS BB B A M R R B AR A T IS E R LT RS
PERAET AR, METRFFURERMLERE AN R EWN. SIIHIALE 29
R AP T HREM . XREAREEHE X AELRPRRBWERTF B R E
EHER—E=ZATF LA 20--30 J74E, KA HEE RSN IR B0, #E1E
EHBTROERE R Bk, XMERTLUALMIBIRLSNE FRER, &5 BT
B R EIR " IR A —B

RATTABRSE , EH ERA—FEZRRF 201 20-30 T4, RELmHXAHEEZE
THETRGRVANXHA THATENTRSE, TENRR IR A E LK
TRENBETRENERER. BOaW#ERNEHE, XEMBTRIZHREIR
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TN, MBI T BB RN AR S B B TR P4, S R TR
B, R TREERNES. ENGRMTERIERBRWERRE. Z—HHE, HTXE
HETELZHHRABANERDR(MEEZENERO)D, BRI KTEEDRE
R, ERETEEREHERRNBEHEK. B—IBRAFFLE 20~30 74,

IR B BRI ER B B EBE L & 2% (Max-Planck-Gesellschaft) RIS Hfo £
IREEEZHEGTEIEN TP —EREBXAE T ARG £ TEEA
R

MEE. KEW., HEENE. gﬁﬁ(ﬂlﬂﬁﬂil‘mﬁﬁ?ﬁﬁ)% HEANERRF)E

el AR R E 2  FEHE(DERZR IR FERT T, 2RE(ERZEREE R
)"ﬁﬁ%%ﬁﬁn%)\ J/RA (H. K. Erben), ik (A. R. Ashraf) (BEFBEED A
REHEWRBDKEEE (P. Wurster), #i¥E®&. (J. Stets)y FE, (J. Thein), X
B (G. Habn) (BBRZEWRIITE o

I, 2535 0 Wl (S 3 B o B R, TP R A R R R B L, B AAsh B R R
IRBLLEI o

(1990 &= 8 /3 3 BUCHRD

2 % X M

Elﬂ?ﬁ 1978: CRERAMEFHMEER A HEESYEEAL16(2),91-96, _
NE E R 1986 - RABAMAET B KRAMEEERT LI WRERE10(3),190—203,

Wi, 1965 IR AYIIRBMNBE NG, Y SHAS, 9(2),141—189,

HRE, BRI SR REE,1973; }Lﬁﬁﬁﬂﬁ5¥ﬁ' BREZAMBEHENNE. SE#EsIMEEALLI(L),
18—28,

RN EAAE,1963: TREREAHLENU . Eﬁ*&ﬁ]% HHAE,7(3),249—260,

RBIR,1989: CREEAMEREANEREAAGBTEREBERN. "EETAZRKIIEXE, HEAE UKL,
223—243,

BB R EAFEATRE977: RERSFHSADWE. hEEEDE FRBE0S, Byl iRit.

RS, 1975 | REEBEEAGNREES (D——RBBRBELFHSKAE. HHRDHYSHAK,13(2),
105—117,

BMYE,1978: MEAEHRERRTHEEAMBHET. HEEDHYSE AL, 16(4),213—221,

BEE,1979: RERLBLAHENLR. FHET, FERIE— REE4HABEL-RYESLaBN G4
I SO, B2 AR 3t 5 330—340,

RPE L HE,1983: IWREMBEBCANE  RECRANERAREE SERENLR. HEEIYEEA
%,21(3),204—209,

BEE,1990: FREEEAHEER~FESARFNALREF. FEEIR,35(11),880,

EAE LS FHA. THEE,1976: BEaMMilaRE=anE. S8 kmSE AL, 14(1),16—25,

B0, 1987: A BEMFN. HEAG HERBRANE TR SHS ARy MR ,141—148,

Alvarez, L. W., W. Alvarez, F. Asaro and H. Michael, 1980: Extraterrestrial cause for the Cretaceous-Tertiary
extinction. Science, 280, 1095—1108.

Alvarez, W, M. A. Arthur, A. G. Fischer, W. Lewrie, G, Napoleone, 1. P. Silva and W. M. Roggenthen, 1977:
Upper Cretaceous-Paleocene magnetic stratigraphy of Gubbio, Italy. V. Type section for the Late Creta-
ceous-Paleocene geomagnetic reversal time scale. Bull. Geol. Soc. Am. 88, 383—389.
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Summary

Dinosaurs were giant reptiles on land during the Mesozoic era, but they all vanished from
the earth in the global events of terminal Cretaceous turnover. This is a significant and perp-
lexed question in the history of vertebrate evolution. During the past ten years the impact the-
ory proposed by Alvarez and others (1980) and by Hsii (1980) has drawn considerably scien-
tific and public interest, thus evoked a heated dispute. The extinction of the dinosaurs appears
to be a global phenomenon. However, the best record so far we can use to discuss this issue
comes from the West Interior of North America (Archibald, 1982, 1987; Archibald et al.,
1982; Russell, 1982; Sloan et al., 1986; Smit et al., 1987; van Valen et al., 1977), and the avai-
lable information from other regions such as European Mediterranean (Erben et al., 1979; Er-
ben, 1983), Peru (Marshall et al., 1983) or China (Zhao, 1978) are very little or incomplete.

Interdisciplinary investigations on the redbed facies of Late Cretaceous to Early Tertiary
passage beds in Nanxiong Basin, Guangdong Province have been continued by a Sino-Ger-
man team (members mentioned in the acknowledgements) since 1983. Important results have
been made on the general . geology, magnetostratigraphy, isotopes, trace elements and mic-
rostructure of dinosaur eggshells. These will provide new evidence for defining the Cretaceous~
Tertiary boundary at Nanxiong Basin and for exploring the global events occurring at that time,
especially the dinosaur extinction problem that is currently being debated. As the final publica-
tion of the systematic study by both the Chinese and German authors may probably be delayed
for some time, a brief report on the work by the present authors is given here.

I.‘ The Stratigraphy and the Cretaceous-Tertiary Boundary at the
Nanxiong Basin

- The Nanxiong Basin situated chiefly in northern Guangdong Province embodies Nanxiong

and Shixing counties and the western part of Xinfeng county of Jiangxi Province. It is an
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elongated basin with its long axis oriented NE-SW. The study on the division of the red
beds in the basin has gained some rapid since 1960. It is from here that Cretaceous dinosaur
eggshells and Paleocene mammals were found in South China for the first time (Zhang et
al.,, 1963; Young, 1965; Zheng et al, 1973; Tong et al, 1976; Zhou et al., 1977; Wang,
1978). o ‘

The middle part of the basin is rich in vertebrate fossils, so it was selected for investiga-
tion. It is limited between 114°0I'EL to 114°33" EL, covering an area of about 700 Km?, where
14 geological sections were measured in 1983, 1984 and 1986 In the middle part of the basin
the strata exposed can be divided into three groups and five formations (Fig. 1).

The Nanxiong Group consists of the Yuanpu and Pingling Formations. The Yuanpu
Formation comprises from bottom to top deposits of fanglomerate facies, fluviolacustrine fa-
cies and lacustrine facies, forming a sedimentary cycle. The Pingling Formation is of fluvial
deposits. The Luofuzhai Group which is darker and finer than the Nanxiong Group contains
Shanghu Formation, Nongshan Formation and Gucheng Formation. The Danxia Group is a
suite of coarse sandy conglomerate in the north margin and at both ends of the basin. This
unit overlaps or intertongues with the Nanxiong and Luofuzhai Groups.

Continuous Late Cretaceous to Early Tertiary deposits are generally well-exposed south
of Datang, from Yangmeikeng to Nilongkeng. So, closely-spaced paleomagnetic samples were
collected from CGY Section (near Yangmeikeng), CGD Section (near Nilongkeng), and CGP
Section (near Pubei) which contains extrusive basalts. 1009 samples were collected from 342
sampling horizons. These samples were measured at the laboratories in Koln, Bundesrepublik
Deutschland and in Guiyang, China by one of us (Li Huamei).

In the CGY and CGD sections the primary remnant magnetization of the samples showed
4 intervals of normal polarity, i.e. CGY 109—172m (upper member of Yuanpu Formation),
CGD 0—33m (Pingling Formation), CGD 236—259m (Shanghu Formation) and CGD 390—
415m (upper part of Shanghu Formation). All the samples from CGP Section show a reversed
polarity situation. Some basaltic samples from the borehole in  Tianxin area were collected
and they were dated as 67.04+2.34 my and 67.7+1.49my with K-Ar method at the laboratory
in Guiyang. These samples represent the last extrusion flow known so far, which is near to
the top of the Yuanpu Formation.

Based on the age of the uppermost basalt and the results of study on vertebrate fossils
from the lower part of the Shanghu Formation, the 4 intervals of normal polarity in CGY
and CGD sections should be correlated to magnetic chron 3IN, 30N, 29N and 28N respecti-
vely (Fig. 2). Therefore, CGD 33—236m should correspond to magnetic anomaly 29 and cor-
relate with magnetic anomaly B in San Juan Busin (Butler et al,, 1985), North America and
magnetic anomaly G at the Gubbio section in Italy (Alvarez et al., 1977).

According to the current geologic time scale the Cretaceous-Tertiary boundary is put at
65my at the midpoint (39/53) of magnetic anomaly 29. Assuming a constant rate of accumu-
lation at the span of chron 29R in CGD Section, the positon of the Cretaceous-Tertiary boun-
dary should be CGD 182.3m by linear interpolation, i.e. 20m above the base of the Shanghu
Formation. But mammal fossils show that the lower part of the Shanghu Formation seems to
be very close to the beginning of Paleocene, and the boundary by such interpolation is higher
than the true one in the CGD Section. As the Nanxiong Basin is a small narrow downfaulted
basin, sediments evidently were controlled by the different’ movements of the boundary faults
and the rate of sedimeéntation is changeable. So, it.is difficult to define the precise position of
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05my in the CGD Section. It is better to select "the lithologic boundary, which is clear, stable
and very close to 65my, as the Cretaccous-Tertiary boundary.

CGD 161m is the boundary betwen the Pingling Formation and the Shanghu Formation.
This boundary is in argillaceous siltstone. Although the contact is structurally conformable,
the boundary is lithologically very clear: (1) The colour changes through the boundary. Be-
low it the siltstone is purplish red, but above it the siltstone becomes dark red; (2) Different
calcareous concretions are observed above and below the boundary, they become small below
but big ones above, with irregular shapes and hollow-center; (3) Above the boundary dino-
saur eggshells disappear and they are replaced by a rich Paleocene mammal fauna. This boun-
dary is so clear that it can be observed all th way from east Kongcun to west Fengmenao.
Therefore, the boundary between the Pingling Formation and the Shanghu Fomation is select-
ed as the Cretaceous-Tertiary boundary.

II. Late Cretiaceous Dinosaur Eggs from Nanxiong Basin

From the Upper Cretaceous Nanxiong Group unusually rich specimens of fossil eggs be-
sides some dinosaurian and chelonian remains have been successively discovered since 1962. Our
collection consists of about twenty thousand eggshell fragments and about 305 more or less
completely preserved eggs including 24 nearly complete or partly preserved nests. In adddition, .
more than twenty thousand eggshell fragments were collected bed-by-bed by the Sino-German
team during the field seasons of 1983, 1984 and 1986.

Geographically, the fossil eggs are chiefly located in the southwestern part of the county
city of Nanxiong, and at Wutaigang, Pingling and Wujing areas as well ag at Mashi area of
Shixing County. According to our observations, the fossil eggs seem to be restricted to the up-
permost and middle parts of the Yuanpu Formation, and in sedimentary sequence of the Ping-
ling Formation there occur the definitely autochthonous eggshell fragments and a large num-
ber of complete eggs.

Examination of the eggshells by polarizing light microscopy and scanning electron mic-
roscopy shows that all these fossil eggs probably belong to dinosaurian, except a few
eggshells which may be attributed to crocodilian and chelonian. The eggshells are indepen-

dent of dinosaurian skeletons never structurally connected with the skeletons, so it is diffi-
cult to assign a certain egg to a certain dinosaur taxon, except in the case of eggs containing
embryonic skeletons. However, the dinosaur eggs from Nanxiong may artificially be classifi-
ed into a hierarchy of taxa based on similarities or differences of their micro morphological
structure. According to Zhao’s taxonomical terminology (Zhao, 1975, 1979), they can be divi-
ded into 12 “species” belonging to 6 “genera” as follows:

Elongatoolithidea

Macroolithus yaotunensis; Macroolithus rugustus;

Macroolithus sp. nov.; Elongatoolithus andrewsi;

Elongatoolithus elongatus; Elongatoolithus sp. nov.;

Nanshiungoolithus chuetienensis
Spheroolithidae

Ovaloolithus cf. chinkangkouensis; Ovaloolithus sp. nov.; Ovaloolithus cf. laminadermus;
Shixingoolithus erbeni gen. et sp. nov.
Fam. indet,
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Stromatoolithus pinglingensis gen et sp. nov.

Judging from the stratigraphical distribution of the 12 “species” of the dinosaur eggshell
mentioned above, Ovaloolithus cf. laminadermus, Shixingoolithus erbeni and  Stromatoolithus
pinglingensis seem to be restricted to the Pingling Formation, but they are absent in the Yu-
anpu Formation. The other “species” are distributed in both formations. Of the two the latter
is somewhat distinct from the former, but at the present stage of our knowledge the “species”
of the dinosaur eggshell in both formations are considered as representing a single assemb-
lage, which indicates clearly Maastrichtian in age.

However, a highly interesting fact is that within the Pingling Formation there is a prog-
ressive reduction of taxa of the dinosaur eggshell during the last 200,000—300,000 years of
the Cretaceous, The number of “species” of eggshell catalogued at fourteen sections in both
the Yuanpu and Pingling formations was compared. The combined record shows that there
are 9 “species” of the dinosaur eggshells in the Yuanpu Formation, then in the middle part of
the Pingling Formation diversity is further increased to 12 “species” In the upper part of
the formation the number of “species” reduces rapidly. Finally, only one “species”, Macro-
olithus yaotunensis ranges up to the Cretaceous-Tertiary boundary, where it becomes extinct.
This event occurred exactly within the early-middle span of chron 29R magnetostratigrphy
mentioned above (Fig. 2). Hence, according to the above-mentioned data the dinosaur ex-
tinction in South China took place during the 200,000 to 300,000 years before the Cretaceous-
Tertiary boundary.

III. Pathologic Dinosaur Eggshells from Nanxiong Basin

Generally speaking, normal eggshells of different types have each structural pattern and
2 normal range of shell thickness. However, it is remarkable that of the different types of the
dinosaur eggshells found in Nanxiong Basin, many of them exhibit abnomalities. Two types
of the pathological development are classified here according to the morphological structures

of the eggshells.

1. Anomaly of eggshell thickness

Among 12 “species” of the dinosaur eggshells mentioned above, most of them, except a
few “species”, have eggshells varying considerably in thickness. In the Yuanpu Formation the
eggshell thickness of different types represents the variations in normal range, whereas in the
Pingling Formation the eggshell thickness obviously varies. It would appear from these records
that a temporary tendency towards a reducton in thickness is revealed from the Yuanpu Form-
ation to the Pingling Formation. However, only the samples of four “species” of the dinosaur
eggshells, Macroolithus yaotunensis, Macroolithus rugustus, Elongatoolithus andrewsi and El-
ongatoolithus elongatus are large enough for statistically significant evaluations. Measurements
of thickness involve about 15435 eggshell fragments of the four “species” from successive ho-
rizons of CGH Section of the Yuanpu Formation and from successive horizons of CGY—
CGD, CGY*, CGL—CGW, CGN and CGT—CGF-I sections of the Pingling Formation. The"
data of the eggshell thickness are presented in Fig. 3 with sample depth plotted on a scale in
order to show the frequency of thickness in the four “species” from successive horizons of CGD
Section near the Cretaceous-Tertiary boundary. It can be seen that within the horizons of CGD
Section of the Pingling Formation mean values of eggshell thickness of each ““species” distinctly
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vary, especially- in those from levels of 40 to 100 meters of CGD Section. On the other hand,
the same situation exists also in other sections of the Pingling Formation such as in the ho-
rizons of CGY*, C_GL—CGW, CGN and CGT-CGF-I etc., without any exception.

2. Histopathological pattern of the eggshells

An examination of the defective eggshell texture with the polarizing light microscope and
the scanning electron microscope shows as follows:

(1) The eggshell with abnormally proportional thickness between cone layer and colum-
nar one

This pathological pattern has been observed in Macroolithus. Under normal circumstan-
ces, the thickness of the cone layer of each “species” of the eggshell is proportional to that of
the columnar one. For example, the thickness between cone layer and columnar one is in the
proportion of one to three in Macroolithus yaotunensis. However, the ratio of both is about
I:1, or 1:5 in the pathological eggshells. It is reasonable to assume that the abnormal structure
could be caused by paristaltic movements in the oviduct during eggshell calcification.

(2) The eggshell with double-layered or multilayered cone

This abnormal structure is usually examined in Macroolithus yactunensis, Macroolithus
rugustus and Macroolithus sp. It can be observed in radial sections that the eggshell is locally
composed of two or more layered cones caused by repetitive cone formation and a columnar
layer. '

(3) The eggshell with irregular or dendritic spaces

In the radial section this abnormal structure is in the cone layer or in the columnar lay-
er near the outer surface of the eggshell. It can usually be seen in Elongatoolithus andrewsi,.
Elongatoolithus elongatus and Macroolithus.

(4) The eggshell with disorderly arranged crystalline calcite of columnar layer. It is
mainly seen in Elongatoolithus andrewsi.

The pathological dinosaur eggshells occur with an appreciable frequency in the Pingling
Formation, especially in the levels of the middle part of this formation. By a random samp-
ling in Macroolithus yaotunensis found in CGD Section, the pathological eggshell of this type
is in about 20% of the eggshells in levels below CGD 40 m, in the levels of 40 to 110 m of CGD
Section the frequency of the eggshell with pathological structure increases to about 75% of the
eggshgells, and in the levels about CGD 110m, it decreases in about 35% of the eggshells.
This agrees rather well with the horizons yielding abnormal thickness of the eggshells in CGD
Section mentiongd above.

The reptilian or avian egg is the product of the coordinated function of reproductive
organs in female animal. Any temporary or permanent disturbance in the efficiency of the re-
productive system may result in abnormal eggshell. Experiments have indicated that organic
matrix is playing a key role in the eggshell calcification. Biochemically, the organic matrix is
a glycoprotein with an amino-acid composition similar to that of cartilage. It constitutes the
nuclei of the cone (mammilla) which is the first nucleation site of the calcium carbonate cry-
stallites. In those thin and fragile eggshells, the distribution, microstructure and staining traits
of these nucleation sites are abnormal. There is some evidence that deficiency or excess of
some trace elements, such as Mn, Zn, Sr, etc., may greatly affect the synthesis of the eggshell
matrix and calcium carbonate deposition, and cause the formation of the abnormal eggshell
(Meuller "and Leach, 1974). For example, levels of strontium above 3% in the diet of egg-lay—
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systematic, and those of oxgen isotopes are distinctly different. The 8O values on samples
from CGD Section are plotted in Fig. 3.

Examination of the samples with a scanning electron microscope indicates that it is typi-
cal for a primary calcitic growth structure of eggshells with almost no recrystallization. On
the other hand, it can be seen that the above-mentioned isotopic data on the dinosaur eggshells
measured by us are far from those of diagenetically altered freshwater limestones of the Creta-
ceous. The latter has an average calcite with the following isotopic composition: 8'°C= — 4.3%;
8%0=—10.2% (PDB) (Keith and Weber, 1964). Therefore, it can be considered that our
samples from Nanxiong Basin should not be altered diagenetically.

Oxygen and carbon in calcium carbonate of eggshells can derive from food, water or air
which the egg-laying animals consumed. Specific ranges and changes of the ratio of **C to
2C or ¥0 to O from these potential sources could show the source of oxygen and carbon
contributions. Folinsbee et al. (1970) and Hoefs and Wedepohl (see Erben et al., 1979) esta-
blished an almost linear correlation between oxygen from water and that from the eggshell can-
bonate. It has been indicated, however, that isotopic temperature of freshwater carbonates may
be related to the changeable sources of continental waters, and to the restricted varying sizes
of rivers and lakes. And the oxygen isotopic composition of rain-waters is not only controlled
by air temperature but also by evaporation processes, by distance from the shore and by altitu-
de. Especially, evaporation may shift the oxygen isotopic composition of freshwater towards
“marine” values. Therefore, it is difficult to estimate the influence of these changeable factors
on a paleotemperature related to freshwater environments.

Based on the foregoing oxygen isotopic composition of the dinosaur eggshells from Nan-
xiong Basin, the values of CGH Section are somewhat different from those of CGY-CGD
Section. The latter seems to have more variations than the former. It is of interest that two re-
markable oxygen-18 anomalies are seen in CGD Secion (Fig. 3). One is four samples from
the levels of 60 to 80 meters of CGD Section and contains: §%0 = + 0.27%0, + 4.22%o,
+6.37%0 and —-11.43%  respectively; the other is two samples from the levels of 100 to
110 meters of CGD Section and have 8%0 = +0.87% and —+4.10%. It indicates that a
remarkable change of climatic environment occurred at that time. According to Hoefs and
Wedepohl  (see Erben et al, 1979), extant ostrich in Africa must live on highly evapo-
rated water at low latitude and at mean annual air temperature of the environment above
30°C. Their eggshells have an isotopic composition of 8°0= +7.1%, 8"C= —8.3%. Because
relevant data are scarce, the changes on temperatures concerning the terminal Cretaceous of
Nanxiong Basin can not conclusively be determined. From another point of view, however, the
sudden increase of %0 from the eggshells in CGD Section can be due to a parameter other
than temperature. As stated above, difference in evaporation is very effective in changing the
oxygen isotopic composition of freshwater bodies. It seems reasonable to consider that the two
unusual increases of heavy oxygen in the eggshells from CGD Section could reflect one, if not
two, drastic changes of very dry climate.

V. Cause of the Last Dinosaur Extinction

As has been shown above, the different “species” of the dinosaur eggshell disappeared
within the upper-middle part of the Pingling Formation. This almost coincides with the ho-
rizons yielding a great number of pathological eggshells and anomalous content in trace ele-
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systematic, and those of oxgen isotopes are distinctly different. The 8O values on samples
from CGD Section are plotted in Fig. 3.

Examination of the samples with a scanning electron microscope indicates that it is typi-
cal for a primary calcitic growth structure of eggshells with almost no recrystallization. On
the other hand, it can be seen that the above-mentioned isotopic data on the dinosaur eggshells
measured by us are far from those of diagenetically altered freshwater limestones of the Creta-
ceous. The latter has an average calcite with the following isotopic composition: 8'°C= — 4.3%;
8%0=—10.2% (PDB) (Keith and Weber, 1964). Therefore, it can be considered that our
samples from Nanxiong Basin should not be altered diagenetically.

Oxygen and carbon in calcium carbonate of eggshells can derive from food, water or air
which the egg-laying animals consumed. Specific ranges and changes of the ratio of **C to
2C or ¥0 to O from these potential sources could show the source of oxygen and carbon
contributions. Folinsbee et al. (1970) and Hoefs and Wedepohl (see Erben et al., 1979) esta-
blished an almost linear correlation between oxygen from water and that from the eggshell can-
bonate. It has been indicated, however, that isotopic temperature of freshwater carbonates may
be related to the changeable sources of continental waters, and to the restricted varying sizes
of rivers and lakes. And the oxygen isotopic composition of rain-waters is not only controlled
by air temperature but also by evaporation processes, by distance from the shore and by altitu-
de. Especially, evaporation may shift the oxygen isotopic composition of freshwater towards
“marine” values. Therefore, it is difficult to estimate the influence of these changeable factors
on a paleotemperature related to freshwater environments.

Based on the foregoing oxygen isotopic composition of the dinosaur eggshells from Nan-
xiong Basin, the values of CGH Section are somewhat different from those of CGY-CGD
Section. The latter seems to have more variations than the former. It is of interest that two re-
markable oxygen-18 anomalies are seen in CGD Secion (Fig. 3). One is four samples from
the levels of 60 to 80 meters of CGD Section and contains: §%0 = + 0.27%0, + 4.22%o,
+6.37%0 and —-11.43%  respectively; the other is two samples from the levels of 100 to
110 meters of CGD Section and have 8%0 = +0.87% and —+4.10%. It indicates that a
remarkable change of climatic environment occurred at that time. According to Hoefs and
Wedepohl  (see Erben et al, 1979), extant ostrich in Africa must live on highly evapo-
rated water at low latitude and at mean annual air temperature of the environment above
30°C. Their eggshells have an isotopic composition of 8°0= +7.1%, 8"C= —8.3%. Because
relevant data are scarce, the changes on temperatures concerning the terminal Cretaceous of
Nanxiong Basin can not conclusively be determined. From another point of view, however, the
sudden increase of %0 from the eggshells in CGD Section can be due to a parameter other
than temperature. As stated above, difference in evaporation is very effective in changing the
oxygen isotopic composition of freshwater bodies. It seems reasonable to consider that the two
unusual increases of heavy oxygen in the eggshells from CGD Section could reflect one, if not
two, drastic changes of very dry climate.

V. Cause of the Last Dinosaur Extinction

As has been shown above, the different “species” of the dinosaur eggshell disappeared
within the upper-middle part of the Pingling Formation. This almost coincides with the ho-
rizons yielding a great number of pathological eggshells and anomalous content in trace ele-
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ments and in oxygen isotope. They exactly fall within the early—middle span of chron 29R.
These indicate that the dinosaur extinction in South China took place during the 200,000 to
300,000 ‘years before the Cretaceous-Tertiary boundary. Good evidences show that the dino-
saur extinction was related to the environmental changes, especially to the enrichment of tra-
- ce elements. Therefore, such a condition requires no extraterrestrial explanation. It contradicts
the fashionable impact theory.

Our scenario postulates that during the 200,000 to 300,000 years before the Cretaceous-
Tertiary boundary, there was pollution by trace elements in South China area, and the extre-
mely dry climate occurred at the same time. With excessive evaporation the trace elements
contained in soil and in water were more enriched. Through the food chains, these trace ele-
ments were excessively taken into the dinosaurian body, thus causing imbalances of the trace
element levels. As a result it affects dinosaur’s reproduction, leading to the formation of pa-
thologic eggshells. The eggshells became so bristle that they failed to protect the developing
embryos. On the other hand, the trace elements, in spite of their presence in small amounts in
the egg, may play an important role in the normal biological processes of the embryo. But the
excess of trace elements transmitted to the egg from the dinosaur’s food also causes abnormal
embryonic development and considerably reduces hatchability. In consequence, the number of
progeny reduced until finally the last population collapsed completely. This entire process of
an extinction was, in terms of geological time, rather short, for our magnetostratigraphic evi-
dence shows that it continued for only 200,000 to 300,000 years.
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